Gas-phase average structures for the ground-vibrational state (1',) for ethane and diborane have been determined by a critical comparison of the experimental results obtained from electron diffraction (average internuclear distances ra) and those obtained from high-resolution infrared and Raman spectroscopy (rotational constants B.("'»). Experimental values have been taken from the recent literature and converted into the average structure Cr. or r",O). The ra and r",o distances determined from electron diffraction carry uncertainties less than those in the r. distances determined from rotational constants, because the latter structures are very sensitive to assumptions about the unknown isotope differences in the structures. On the other hand, the average moments of inertia from spectroscopy are much more precise than those calculated from diffraction internuclear distances. Examinations of the data have led to the following r. 
INTRODUCTION
Previous theoretical studies l -6 have given a practical method for comparing the molecular structures determined in the gas phase by high-resolution spectroscopy and electron diffraction. The method l makes use of the "average" moments of inertia l", (') (o:=a, b, c) obtained from rotation or rotation-vibration spectroscopy and of the internuclear distances 1'",0 obtained from electron diffraction. Experimental values of l", (') and 1'",0 can be obtained from the direct observables of spectroscopy and electron diffraction, namely, the ground-state rotational constants A o , Bo, Co, and the 1'0 distances, respectively, by making numerical corrections for various vibrational effects. The corrections are usually so small that only an approximate knowledge of the intramolecular potential function is necessary. Except for systems with very large amplitudes of vibration, the r ",0 distances derived in this way should be essentially equivalent to the distances between the zero-point average atomic positions represented by l",(a) (the so-called r. distances) to the accuracy of current experiments and conversions.
The structures of a number of simple polyatomic molecules have been studied by this method of critical comparison. Molecules investigated so far may be classified into two categories: The first group is comprised of molecules such as CH"l,3·6 CO 2 ,7 CS 2 ,8 BFa,9 and NHa,t° for which the structure of anyone isotope species can be determined uniquely by spectroscopy.
The spectroscopic r. structures thus far determined have agreed satisfactorily with those determined by electron diffraction, giving experimental confirmation of the present method. The second category includes 6L. S. Bartell, K. Kuchitsu, and R. J. deNeui, J. Chern. Phys. 35, 1211 Phys. 35, (1961 .
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(1962). sY. Morino and T. Iijima, Bull. Chern. Soc. Japan 35,1661 2 T. Oka, J. Phys. Soc. Japan 15, 2274 Japan 15, (1960 . (1962) . I (a) D. R. Herschbach and V. W. Laurie, J. Chern. Phys. 37, Q K. Kuchitsu and S. Konaka, J. Chern. Phys. 45, 4342 1668 (1962 (1966) . Note that in Eq. (9) of this reference the coefficient of Phys. 37, 1687 (1962) . Kuchitsu and L. S. Bartell, J. Chern. Phys. 36, 2460 (1962 4456 molecules such as ethylene,!l cyanogen,12 glyoxal,13 and butadiene,13 for which a spectroscopic structure determination requires either a combination of isotope data or assumptions about the structure. Since the average structure is, in general, different from the equilibrium structure, there should be finite differences among the average structures of various isotope species because of vibrational effects, and they must be taken into account in the analysis. 3b Structures derived for molecules in the second category may be so sensitive to assumptions about isotope effects l4 . l5 that uncertainties from this origin can be much larger than those due to experimental errors in the average moments of inertia. In such cases, the combination of electron-diffraction and spectroscopic data may be significantly more powerful than either technique alone. The average structures of two molecules of basic importance in structural chemistry, i.e., ethane and diborane (and their perdeuterides) have been examined in the present study. Since both of them belong to the second category, the rao distances derived from electron diffraction have been used in combination with the average moments of inertia from spectroscopy to find their best available r z structures.
ETHANE AND DEUTEROETHANE
Precise experimental values of the ro distances from electron diffraction l6 and the ground-state rotational • Observed values by electron diffraction." Uncertainties indicate stand· ard deviations.
b Calculated by the use of force constants" by Eq. (2).
• Calculated from rg by Eq. (I).
taken in the direction of the equilibrium positions of atoms. Trivial effects of centrifugal distortion 24 ,25 were ignored. The differences between ru and rao distances (Table III) and those between Ao, B o , and A., B. constants (Table II) exceed the corresponding experimental errors by an order of magnitude and, hence, the above corrections for the vibrational effect are found to be significant. The mean amplitudes tg observed by Bartell and Higginbotham I6 agree well with the present results of calculations (Table I) , In order to determine the structure from spectroscopic data alone, one has to make at least two assumptions about the structures since there are three independent parameters for each isotope species but only two observable rotational constants for each. Shaw et al.,26 determined effective 1'0 structures on the assumptions that the H-C-H and D-C-D angles were identical and that the C-C distances in C2H 6 and C 2 D 6 were also identical. In the present analysis, the following assumptions were made in regard to the isotope differences:
The above estimates were based on the relationI,ll
r.(H) -r.(D)
with the numerical values listed in Tables I and III. The parameters of bond-stretching anhar.q;onicity, ac-H and ac-e, were assumed to be 2.6±0.S KI and 2.0± 0.5 A-I, respectively, and allowance was made for 2' M. Iwasaki and K. Hedberg, J. Chern. Phys. 36, 2961 (1962 . 26 T. Oka and Y. Morino, J. Mol. Spectry. 6, 472 (1961) . As pointed out by Laurie and Herschbach 3b and for CICN by Lafferty, Lide, and Toth,15 the average structure is quite sensitive to the assumptions about isotope differences. The ambiguity in the structure introduced from this origin is several fold larger than that propagated from the uncertainties in the experimental rotational constants listed in Table II , even when the error in the 0 to z conversion is included in the latter uncertainties. Therefore, it seems difficult to determine the r. structure with less ambiguity from rotational constants alone, no matter how accurate they may be, unless a better a priori estimate can be made for the differences in isotope structures.
On the other hand, unique sets of r aO distances have been determined from electron diffraction alone separately for C2H6 and C2D6• As shown in Table IV , the average moments of inertia calculated from those ra o distances are only about 0.2% larger than their spectroscopic counterparts, which are an order of magnitude more precise.~8 The nearly uniform discrepancies observed, although none of them are really significant, Tables II and III for ethane, Tables  VII and VIII list average rotational constants and r aO distances.
As pointed out by Bartell,33 secondary isotope effects on C-C and B-B amplitudes for ethane (Table I) and diborane (Table VI) Table VIII .
Average rotational constants for the IOB~6 and llB2H6 species have been derived from Lafferty's experimental constants,34 which are so precise that the 0 to z corrections are not trivial. Since structural parameters .. L. S. Bartell and B. L. Carroll, J. Chem. Phys.42, 1135 (1965 . 
30.40
• Calculated from the TaO (corr) distances given in Table IX. are related to the moments of inertia as 
R=r.(B-B) =2rb C05ab,
it is possible to determine all the parameters uni9-uel!, by 10B-llB substitution, provided some assumptlOn IS made about the isotope effect on structure. By a procedure analogous to the ethane analysis, the isotope effects were estimated from Eq. (5) 
The uncertainty in the B-B isotope difference turned out to be the principal source of error in the spectroscopic r. structure derived in this way [r.(SP) in Table IX ]; should this uncertainty be disregarded, the B-B and B-H bond distances would have errors of only about 0.002 A, which originate from those in the average rotational constants. On the other hand, average moments of inertia calculated from the diffraction distances (Table X) have uncertainties several fold larger than those from spectroscopy because of the lack of accuracy in the diffraction parameters related to hydrogen positions.
Within the estimated uncertainties of about 0.01 A, the average structures obtained from diffraction and spectroscopy are compatible. Small discrepancies between the diffraction and spectroscopic distances can be decreased if one assumes that the r.(lOBJOB) distance is larger than the r.(llBJlB) by about 0.0005 A.
This suggests that the effective aB-B param~ter in Eq. (5) is positive (as for any bonded atom paIr) and of the order of Oc-<J (,.....,,2 A-I). The estimated average structure, which is consistent with the moments of inertia and with the diffraction distances is compared in Table IX with the effective ro struct~re34 obtained from ground-state rotational constants without regard to the isotope difference in structure. In order to determine the average structure of diborane with more accuracy [particularly the secondary isotope difference3 2 between the r.(B-B) distanc~ for BJI6 and B2D6J it would seem to be helpful, as m the case of ethane,' to re-analyze electron diffraction intensities measured with the improved accuracy now available, taking into account the average rotational constants given in Table VII .
DISCUSSION
Use of Spectroscopic and Electron-Diffraction Data for Structure Determination
As is well known, high-resolution spectroscopy and electron diffraction are powerful and complementary experimental methods for determining gas-phase molecular structure. In the following cases spectroscopy is by far the more suitable method: (a) For diatomic and for some of the simple polyatomic molecules su.ch as linear and bent XY2, where high-resolution spectroscopy is applicable and where precise r. and r. structures can be determined uniquely from the rotational constants of a single isotope species; (b) For molecules such as OCS and NF3 where the equilibrium rotational constants sufficient to determine the complete r. substitution structure can. be obtained for various isotope species.
. ' . Conversely, for certain nonpolar molecules with large moments of inertia, electron diffraction is the only method available at present for determining precise internuclear distances in gas phase.
In many of the other situations, the use of elec~ron diffraction distances, which mayor may not be suffiCIent to determine the structure uniquely, should be effective to decrease the uncertainty in the spectroscopic average structure, as has been shown for ethane and dibora~e in the present study. On the other hand, spectroscopIC moments of inertia: may be helpful to discriminate closely spaced and nonequivalent internuclear distances, if any, and to calibrate the scale factor with more ac~u racy. Major limitations of the electron-diffractlOn method may be overcome in this way.12.l3
Merits of Yo and r. Representations While the most complete description of "molecular geometry" seems to be the equilibrium internuclear distances r. plus the harmonic and anharmonic potential constants around the equilibrium positions, this description is available for only a limited number of simple molecules. For the rest of the molecules, the average structures To and r. are probably among the best possible representations of molecular geometry, since both structures have clear physical significance, and since they are more easily accessible from experiment than the r. structure.
When the average lengths of chemical bonds are of primary concern, the To distance,l which represents "the average value of an instantaneous internuclear distance," should be a more suitable measure than r •. On the other hand, ro distances for nonbonded atom pairs do not correspond exactly to any geometrical arrangement consistent with the Tg distances for bonded pairs. As is well known in terms of the linear and nonlinear shrinkage effect,36.36 effective bond angles calcu- lated from bonded and nonbonded r ll distances are, in general, different from average or equilibrium bond angles. In this connection, the r. structure2 is more convenient than r ll as a representation of the geometrical arrangement of atoms, since r. corresponds to "the distance between the average positions of atoms with respect to a molecule-fixed coordinate system." 1-3
However, the r. distance for a bond should be interpreted as the average projection of the bond onto the line joining the equilibrium positions of the atoms in question (r.+(~») in the local Cartesian coordinate system of Eq.
(1) instead of a real average bond distance (r.+(~r»). In any event, the difference between the rg and r. representations is not a serious problem since they are readily interconvertible within current experimental uncertainty (except for large-amplitude cases).
The r. distances of bonded atom pairs can be estimated approximately4.6.10.11 from the corresponding rg distances by the use of a parameter of bond-stretching anharmonicity a, which may be transferred from the corresponding diatomic molecules. 37 On the other hand, there is very limited information at present about the difference between average and equilibrium bond angles. Existing experimental evidence to date, however, suggests that the difference may be only a small fraction of a degree. (Received 26 June 1968) The method of moments is used to determine the centrifugal-distortion constants of the water molecule. However, to obviate the inclusion of sixth-power terms of the angular-momentum operators in the Hamiltonian, an expression obtained from a second-order transformed Hamiltonian is included to determine the independent centrifugal-distortion constants. By application of the method to infrared spectral data, nine distortion constants were obtained, as were the rotational constants.
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INTRODUCTION
The general motion of a molecular system may be considered as the vibrational motion of the individual nuclei plus the rotational motion of the system as a whole. The latter type of motion gives rise to "centrifugal" forces, which cause distortion effects on the individual nuclei. Thus, the Hamiltonian expression describing the motion of the molecule, must include zero-order terms and perturbation terms, arising from the centrifugal effects. These perturbation terms are functions of the total angul~-momen tum components and certain parameters called centrifugal-distortion constants.
From the method of moments, as developed by Parker and Brown,t--4 expressions relating spectral 1 L. C. Brown and P. M. Parker, J. Chem. Phys. 27, 1108 Phys. 27, (1957 . data to the parameters of the molecular system may be obtained. Since the water molecule is a very "stretchy" molecule, if PI terms in the Hamiltonian are neglected, these expressions are not sufficient to describe its motion. Hence, we have resorted to a perturbation treatment given by Nielsen" for additional information. With this information we have obtained equations which allow us to calculate the centrifugaldistortion constants from experimental spectral data.
THEORY
Since the method of moments is the basis for our development, a brief discussion of the method, as given by Parker and Brown,t-4 will be given as introduction to our problem.
In matrix notation the energy eigenValues of the Schrodinger equation
(1)
